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Abstract: In many Sub-Saharan African countries, fuelwood collection is among the most 
important drivers of deforestation and particularly forest degradation. In a detailed field 
study in the Kafa region of southern Ethiopia, we assessed the potential of efficient 
cooking stoves to mitigate the negative impacts of fuelwood harvesting on forests. Eleven 
thousand improved cooking stoves (ICS), specifically designed for baking Ethiopia’s staple 
food injera, referred to locally as “Mirt” stoves, have been distributed here. We found a 
high acceptance rate of the stove. One hundred forty interviews, including users and  
non-users of the ICS, revealed fuelwood savings of nearly 40% in injera preparation 
compared to the traditional three-stone fire, leading to a total annual savings of 1.28 tons of 
fuelwood per household. Considering the approximated share of fuelwood from 
unsustainable sources, these savings translate to 11,800 tons of CO2 saved for 11,156 
disseminated ICS, corresponding to the amount of carbon stored in over 30 ha of local 
forest. We further found that stove efficiency increased with longer injera baking sessions, 
which shows a way of optimizing fuelwood savings by adapted usage of ICS. Our study 
confirms that efficient cooking stoves, if well adapted to the local cooking habits, can make 
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a significant contribution to the conservation of forests and the avoidance of carbon 
emission from forest clearing and degradation. 
Keywords: Ethiopia; Kafa Biosphere Reserve; improved cooking stoves; “Mirt” stove; 
fuelwood; carbon 
 
1. Introduction 
Deforestation and degradation of forests constitute the most important sources of greenhouse gas 
emissions in many developing countries, particularly in Sub-Saharan Africa [1]. At the same time, 
energy from fuelwood is essential to sustain livelihoods in this region [2,3]. Fuelwood collection for 
cooking is a main driver of forest degradation in these countries [4], though this phenomenon is 
difficult to quantify, even with sophisticated methods, like remote sensing [5]. At the same time, 
indoor air pollution caused by traditional cooking constitutes a major health risk [6]. Therefore, 
strategies to reduce fuelwood consumption have the potential of simultaneously mitigating climate 
change, conserving forests and improving human livelihoods.  
In Ethiopia, the pressure on forests is particularly high, due to expansion of agriculture and other 
large-scale investment programs [7]. In a long-term perspective, deforestation in Ethiopia has been 
steadily increasing at alarming rates. According to FAO estimates [8], the total area of natural forests 
in 1990 was 15.1 million ha and was reduced within 20 years to 12.3 million ha. Accordingly, Ethiopia 
has lost 140,000 ha natural forest annually, and fuelwood collection played an important role in the 
process [8–10]. A study from Ethiopia, which considered regrowth, harvesting of fuelwood and fuelwood 
consumption, revealed that on a local scale the harvest is three-times the annual allowable cut [11].  
Alternatives to fuelwood as cooking fuel are generally expensive and hardly available in  
Sub-Saharan Africa. As a result, the demand for fuelwood in rural communities remains inelastic as 
long as the resource continues to be available to these communities [12]. Investments in direct fuel 
saving solutions are thus needed to combat the unsustainable use of fuelwood. An important strategy is 
the distribution of improved cooking stoves (ICS) [12–14] that allow for significant savings of 
fuelwood without the need to introduce sophisticated technologies or to change cooking habits. In 
Ethiopia, 90 percent of total energy is expected to be used in domestic cooking activities with no 
alternative substitute to fire wood [15]. Meanwhile, ICS are increasingly used in fuelwood-based  
countries [6,15,16], often supported by carbon funding [17,18]. Under the Clean Development 
Mechanism (CDM), there is an increasing number of projects and programs distributing ICS. Notably, 
ten programs of activity (PoAs) with an emphasis on Sub-Saharan Africa were successfully registered 
in 2013 [19]. Based on an evaluation of the UNFCCC registry [20], CDM cooking stove projects 
generally claim emissions reductions between one and five tons per ICS, depending on stove 
efficiencies, baseline fuel consumption and interpretations of the applicable CDM methodologies. 
There are however still few CDM credits issued for ICS projects, while more credits have been issued 
for ICS projects through the voluntary market [18], with approximately 5.8 Mt·CO2 in 2012 [21].  
In Ethiopia, ICS are disseminated by various initiatives (such as the Gaia project [22] and a CDM 
project implemented by World Vision [23]). Estimates from the Gesellschaft für Internationale 
Land 2014, 3 1139 
 
 
Zusammenarbeit (GIZ) state that 455,000 ICS were commercially distributed in Ethiopia until 2011 [24]. 
The preparation of Ethiopia’s staple food, injera [25], requires a special baking plate, which 
necessitates a particular design for an ICS. To address this need, the so-called “Mirt” stove was 
developed in the 1980s and has been continuously improved since that time [20,21]. Dissemination 
projects in Ethiopia state that “Mirt” stoves have shown good acceptance for injera baking, with 
dissemination projects often being extended due to higher demand [21,22].  
Together with worldwide initiatives to disseminate ICS, there is also increasing research to 
investigate if ICS can really cope with fuelwood scarcity and to estimate their effectiveness under daily 
life conditions and their acceptance [22,23,26–28]. While some studies report a significant fuel 
reduction [24,25], others have failed to prove any fuel reductions, but have shown other advantages 
related to the use of ICS [29–31]. 
The fuel saving impact of ICS is a complex issue. Most estimates of fuelwood savings, including 
those for the generation of carbon credits, are mainly based on fuelwood use in the baseline scenario, 
the rate of usage of the ICS and the efficiency of the ICS in comparison to a traditional stove [32]. For 
the comparison of stoves, laboratory assessed values are often used [13,33]. For a full picture of fuel 
savings, including all relevant factors, such as possible changes of cooking habits, empirical evidence 
on performance under field conditions is needed, directly comparing fuel consumption of users and 
non-users of ICS [26].  
The overall objective of this empirical study is to assess the potential carbon impact of ICS in the 
UNESCO Kafa Biosphere Reserve. Specific research questions are: 
- What quantity of fuelwood is consumed in households per day where ICS are used, in 
comparison to households where conventional stoves are used? 
- What were the success factors for acceptance of ICS by the targeted households and what are the 
lessons learned for the implementation of fuel efficient stove projects?  
- What is the expected impact of the distribution of ICS on carbon emissions at the household and 
regional level? 
2. Study Area and Project Setup 
2.1. Study Area 
The study area is located in south-western Ethiopia, one of the last areas in the country with 
considerable forest cover. The Kafa province, within the Southern Nations, Nationalities and Peoples’ 
Region (SNNPR), is characterized by a valuable expanse of Afromontane forest with a remarkable 
abundance of endemic coffee (Coffea arabica) [34,35]. The occurrence of wild forest coffee has 
economic significance to the local population, and internationally in the matter of coffee breeding [34]. 
Various initiatives have been undertaken to protect the unique forest resources in Kafa. Through the 
Man and Biosphere Programme (MaB) of UNESCO, the Kafa Biosphere Reserve (BR) was 
inaugurated in the region in June 2010. The BR covers 7500 km2 with 47% forest cover [35]. The BR 
concept is based on 3 inter-related zones, each with different conservation functions (see Figure 1). 
First, a core zone is totally protected from all uses. The buffer zone is reserved for ecologically-sound 
land use concepts. Finally, the transition zone combines different interests towards the aim of using 
Land 2014, 3 1140 
 
 
resources sustainably [36]. The area is mountainous, with elevations ranging from 750 to 3360 m 
above sea level and has distinct climate seasonality. According to data between 2010 and 2014 (until 
March) from the weather station within the BR (Wushwush; 7°20′66.53′′ N, 36°7′34.97′′ E), two thirds 
of annual precipitation (total 1800 mm·yr−1) occur between May and September, during which time the 
mean temperature was below the annual mean of 19.45 °C. 
Since 2011, a joint initiative of NABU (Nature and Biodiversity Conservation Union) and local 
partners, including the Kafa Zone Department for Water, Mines and Energy in the regional state of 
SNNPR, has enabled access to ICS for rural communities in the Kafa region, with funding from the 
German Federal Ministry for the Environment. This measure is included in the Kafa Biosphere 
Reserve management plan, which is aimed at conserving local forests, improving the situation of rural 
communities by reducing fuelwood expenses and improving health conditions through less detrimental 
smoke production. The stove dissemination project is focusing on areas near the BR boundary, where 
rural communities have previously lacked access to ICS.  
Figure 1. Geographic location of the UNESCO Biosphere Reserve and its zonation 
according to Man and Biosphere (MAB) criteria.  
 
According to the census of 2002 (Central Statistical Authority 2004), the study area had a 
population of 620,247 with a relatively high population density of 130 (p/km2) and an annual 
population growth of 2.95% (drawn from population growth from 1998 and 2002); the population is 
estimated to be 879,186 for 2014 (population density 185 (p/km2)). Woredas (administrative units 
equivalent to municipalities) in the BR with high population generally show less forest cover.  
A forest loss of 50% within the last 37 years has been reported for South-west Ethiopia [37]. 
Agriculture expansion is the main proximate driver of deforestation in the BR, while fuelwood 
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consumption is the main direct cause of forest degradation [35], which reflects the situation of the 
entire country [7]. In order to compensate for limited use of resources inside the strictly protected core 
zone, forest plantations have been established in the frame by the project since 2011, along with the 
promotion of community-based participatory forest management (PFM) [35,36]. Another activity to 
support the conservation and sustainable use of forest resources is the distribution of ICS. The 
initiative from NABU in the BR is one of the largest ICS dissemination projects country-wide,  
with 11,156 ICS distributed over 11 Woredas by 2013. The national and international importance of 
one of the last remaining natural forests in Ethiopia and the direct collaboration with governmental and 
non-governmental actors make the BR an ideal setting for this study. 
2.2. The Improved Cooking Stove (ICS) 
ICS have to be adapted to the cooking habits of the stove users. Many different models, mainly with 
a small heating plate radius on which to rest a pot, have been field-tested in different countries [6,15,35]. 
The ICS designed specifically for the purpose of cooking injera, the fermented flat bead staple food of 
Ethiopia and Eritrea, and is referred to as a “Mirt” stove. The injera is traditionally prepared on a clay 
plate, called a mitad, with a radius of about 60 cm and a thickness up to 4 cm. The thermal 
conductivity of the mitad is low, which supports the local baking method with virtually no fat used for 
injera baking. Traditionally, the mitad rests upon three stones surrounding an open fire. The mitad is 
locally produced and is sold separately from the ICS, which in practice often causes efficiency losses 
due to improper fitting. 
The stove is produced by six main manufactures in the Kafa BR, and is made from cement and local 
materials, like river sand. Due to the weight and bulk of the stove components, transportation is an 
issue, so the production sites serve as distribution points. The end user assembles the six parts of the 
stove and closes the gaps with clay. The assembled stove is a closed body, were the mitad sits above a 
combustion chamber (Figure 2). Additionally, a prolonged chimney can simultaneously be used for 
heating food or beverages. Opposite the chimney, there is an inlet for biomass fuel and air. 
Figure 2. “Mirt” stove, slim version. 
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The stove comes in two versions, including the classic “Mirt” stove, which has thicker walls and the 
slim “Mirt” stove, which is lighter and more fragile. The classic stove has a lifespan of 5 years [18,38], 
while the slim version is conservatively estimated to last for 3 years. 
Within the project, the stoves were offered free of charge, while the transportation was organized 
and paid by the end user (mean transportation costs 15 ETB; SD = 5.6; approximately $3 USD).  
3. Methods and Materials 
3.1. Household Survey 
Interviews were conducted with users and non-users of the ICS. ICS users to be interviewed were 
sampled out of a list of households who had received an ICS under the NABU project. Only 
households that had been using the ICS for at least two months and lived close to the road network 
were considered. Since the field survey started in an early phase of the dissemination project, these 
criteria were fulfilled by 266 ICS stove users, all of whom were selected for an interview by  
forest rangers. Ninety six complete questionnaires were returned from interviews with ICS users, as 
well as 52 questionnaires from interviews with non-ICS users. The remaining interviews had mainly  
been conducted by persons who had not taken part in corresponding trainings, which had caused 
serious misunderstandings. 
Within the NABU project, forest rangers and the local NABU staff selected the beneficiaries of ICS 
according to criteria that should guarantee access independent of income and educational level. The 
final selection mainly depended on the corresponding local staff, who also considered social criteria, 
such as woman household leaders. Additionally, a balanced spatial distribution of ICS had been 
pursued, including beneficiaries from both rural and urban areas and from many different Kebeles 
(administrative units comparable to villages or neighborhoods). Although the selection of beneficiary 
households was not done on a random basis, ICS users probably constitute a representative sample of 
all targeted households by the dissemination project in the BR. The minimum usage time of two 
months was considered sufficient to fully adopt the ICS, since, contrary to many other ICS [39], stove 
design and the means of operation of the disseminated “Mirt” stoves do not differ greatly from 
traditional fireplaces to bake injera.  
Traditional stove users were selected randomly in the neighborhood of the selected ICS user 
households. Fifty two complete questionnaires were returned from these. This approach was chosen in 
order to make sure that non-ICS users live under the same conditions, so that they clearly represent the 
baseline scenario. Household size, injera cooking frequency and urban/rural distribution, which, 
according to other studies, might influence the stove efficiency [16], are statistically not different 
between non-ICS and ICS users, though the household size was slightly larger for non-ICS users, 
without being statistically significant (p-value of difference 0.246, Table 1). Despite the fact that no 
explicit matching approach had been chosen to select interviewees, as suggested by Mueller et al [40] 
for studies on health-effects of ICS, a significant bias is not plausible due to the high degree of 
similarity (Table 2) [41], and also because fuel consumption is probably less sensitive to living 
conditions than health. Fuel consumption of other biomass fuels besides fuelwood does not show 
significant differences between both groups. Only fuelwood as the most important fuel was analyzed 
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quantitatively. Charcoal is not used to prepare staple food; it is only used in small quantities for 
heating beverages in the study area. 
Table 1. Characteristics of questionnaires’ study households stratified by stove type. 
Characteristics of HH Non-ICS User (n = 52) ICS User (n = 96) p-Value of Difference 1 
HH size (mean | SD) 5.38 | 2.028 6.32 | 2.112 0.246 
No. of injera session per week 
(mean | SD) 
2.52 | 1.23 2.72 | 1.122 0.26 
Town | rural 2 27 | 20 53 | 40 0.278 
1 According to chi-square or Fisher’s exact test; 2 data points “Town” refer to the town center within a 
Euclidean distance of 1500 m. 
Table 2. Biomass fuel use beside fuelwood stratified by stove type. 
Biofuel beside Fuelwood All (n = 148) Non-ICS User (n = 52) ICS User (n = 96) p-Value of Difference 
1 
Charcoal (n (%)) 80 (54) 28 (53.7) 52 (54.2) 0.97 
Crop residues (n (%)) 36 (24.2) 14 (27) 22 (23) 0.588 
Bamboo (n (%)) 10 (6.8) 5 (9.5) 5 (5.1) 0.308 
1 According to chi-square. 
The questionnaire was developed according to the factors that likely influence fuel consumption 
and subsequently tested in the field. Most questions were closed-ended [12,15,42]. Data collection was 
carried out by interviews conducted personally by the first author and by a team of forest rangers from 
the Kafa BR, which is distributed over all Woredas, guaranteeing a spatial balance of the sampling. 
Forest rangers conducted the interviews in the Woreda where they live to ensure maximal confidence 
between interviewees and interviewers. It was elucidated to interviewees that negative feedback would 
be as important as positive feedback, in order to improve ICS distribution. The questionnaire contained 
a large list of questions related to fuelwood use cooking habits and the socioeconomic situation of 
households. Parameters that were evaluated in this paper are listed in Table 3. The interviews were 
conducted from February to August 2012, which covers both the dry and the rainy season in the Kafa region.  
Table 3. Relevant parameters assessed in the field survey. 
Parameter Unit Way of Measurement 
Location by interview via GPS positioning  GPS receiver 
Type of fuelwood (tree species)  Identified by interviewer 
ICS user Yes/no Direct question 
HHn: household size persons Direct question 
Type of fuelwood tree species Identified by interviewer 
Other type of biomass fuel kind Direct question 
fd: daily fuel consumption without  
injera baking 
kg wood 
Piled by interviewee, weighed (digital 
scale, 0.01 kg accuracy) 
fi: Fuel consumption for one injera session kg wood 
Piled by interviewee, weighed (digital 
scale, 0.01 kg accuracy) 
tw: Frequency of injera preparation Times per week Direct question 
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Since injera is not prepared daily, the household member responsible for cooking was asked to set 
aside a fuelwood pile that represented daily fuelwood without injera baking fuel and a second pile 
representing the fuelwood amount used for one injera session. Both wood piles were measured with a 
digital balance by the main author or the local ranger. Other biomass fuels, such as crop residues, 
bamboo or woody waste products, were addressed in the questionnaire, but were not quantified 
through weighting. This information was incorporated in the carbon calculation as renewable biomass. 
To be able to distinguish the type of fuelwood, perform correct measurements and address the 
questionnaire in a correct way, the ranger team received a two-day training. 
3.2. Stove Efficiency 
In a small number of randomly selected households (n = 14), a performance test of the ICS and 
the traditional stove was conducted, in order to quantitatively determine the efficiency gain from using 
the ICS. A controlled cooking test (CCT) [43] was conducted on both stove types. To minimize 
the variation in influencing factors, the same fuelwood was used in all test procedures (Olea africana; 
14%–18% wood moisture). The test followed the standard protocol of the Household Environment and 
Health (HEH) Project described by Bailis [44–46] with slight modifications. Each participating 
household was asked to prepare enough dough for a typical injera session. Fuelwood and the amount 
of dough were then weighed. The time from the start of ignition to removal of each injera was 
recorded. After finishing the food preparation, the remaining wood was weighed, as well as charcoal 
and ash produced through combustion. The specific fuel consumption (SC) was calculated using 
fuelwood type/moisture (m), the amount of dough consumed ( ௙ܹ), the equivalent dry wood consumed 
( ௗ݂) and expressed as grams of fuelwood used to bake 1 kg of dough.  
ܵܥ = ௗ݂
௙ܹ
× 1000 (1)
In total, there were 9 tests conducted for ICS and 5 tests for the three-stone method. In the context 
of the controlled cooking test, the effect of the number of injeras baked per session had on specific fuel 
consumption was also analyzed. 
3.3. Spatial Factors that Influence Fuelwood Consumption and Reduction 
Spatial parameters may also influence the fuelwood consumption, as found in several different 
studies [16,47,48]. All questionnaires were geocoded and related to existing geodata in a geographic 
information system (GIS) using a spatial join. The influence of forest cover on fuelwood consumption 
was analyzed by grouping households according to Woredas and then relating fuelwood consumption 
to the Woredas’ specific forest cover data. Furthermore, we analysed whether the different Biosphere 
Reserve zones with their specific restrictions had an influence on the fuel consumption (distance of 
interviewed household to the nearest core zone). Additionally, a possible influence of other spatial 
factors was analyzed, such as distance to town, distance to road or the distance to the forest edge using 
ordinary least squares (OLS) linear regression. 
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3.4. Side Effects Leading to Fuelwood Reduction 
While using an ICS, different side effects can positively contribute to save fuelwood. These side 
effects could only be partly integrated into the fuelwood saving calculations, but might offer more 
potential for in-depth analyses. The factors that were analyzed include the preparation of non-injera 
food on the chimney and the use of biomass derived from sources other than wood as fuel.  
3.5. Impacts on Carbon Balance 
The probable impact of fuel savings by using ICS on carbon stocks in the study area was evaluated 
by estimating total carbon savings achieved by all of the approximately 11,000 ICS disseminated, 
corrected by considering the sources of fuelwood and fuelwood species according to the results of the 
interviews. In this way, the fact that only a part of fuelwood stems from unsustainable sources was 
taken into account. The calculation was based on IPCC default net calorific values, emission factors 
and carbon storage in forests (Table 4, [49–51]), according to the formula: 
ܧ	 = 	݂ݑ݈݁ݓ݋݋݀ݏܽݒ݁݀ × ݂ܴܰܤ × ܰܥܸ × ܧܨ (2)
where: 
E, emissions; 
fNRB, fraction of non-renewable biomass; 
NCV, net calorific value (for wet wood); 
EF, default emission factor (per unit of energy). 
Table 4. Parameters used for calculating carbon emissions. 
Parameter Value Source 
Annual wood savings per stove 1277 kg Table 5 
Net calorific value fuelwood (wet basis) 15 MJ/kg [49] 
Emission factor fuelwood 112 g·CO2/MJ [50] 
Conversion CO2/C 3667 Ratio molecular weights 
Fraction of non-renewable fuelwood 50% Estimated (Section 4.5) 
Above ground carbon content per ha Kafa forest 95 tons [51] 
4. Results and Discussion 
4.1. Fuelwood Savings Due to ICS Introduction 
Results show significant fuelwood savings of nearly 40% for injera baking, with annual fuelwood 
savings per household of 1277 kg. We found that on average, injera is only baked 2.7 times per week 
(Table 5). According to other fuel saving studies [15,52–54], injera baking accounts for between 40% 
and 65% of the entire household cooking fuel consumption in Ethiopia. Our household survey for the 
Kafa region indicates a share of about 38%. The difference might be explained by greater consumption 
of non-injera bread in the Kafa region by the relatively high fuel consumption of non-injera cooking. 
The fact that households using “Mirt” stoves were on average slightly smaller than non-user 
households should not significantly influence the results. If there were a small effect, it should lead to an 
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underestimation of fuelwood savings, since there may be some economies-of-scale effects in larger 
households [55].  
Interestingly, we also found that ICS users consume 9% less firewood for cooking purposes other 
than injera baking (see Table 5). This could be explained by the fact that while using the ICS, users 
also prepare sauces or beverages in pots that are placed on the chimney. Furthermore, the remaining 
thermal energy of the ICS after the injera preparation is often used to prepare a specific breakfast food 
consisting of dried injera.  
Test results for the difference of used fuelwood for injera cooking between Non-ICS user (n = 52) 
and ICS user (n = 96) are significant according to the Mann-Whitney U test (95% CI; p = 0.000). This 
confirms that ICS users consumed significantly less fuelwood per injera session and person. Table 5 
summarizes the main results. 
Table 5. Fuelwood savings due to the introduction of “Mirt” stoves on a yearly basis. 
 
Non-ICS  
(kg fuelwood per 
capita and year) 
ICS  
(kg fuelwood per 
capita and year) 
Fuelwood 
Savings  
(relative) 
Fuelwood 
Savings  
(absolute) 
Injera cooking * 399.8 (SD 195.2) 244.5 (SD 118.11) 38.9% 155.3 kg 
Non-injera cooking ** 657.3 (SD 314.7) 598.5 (SD 314.0) 8.94% 58.8 kg 
Total cooking 1057 843 20.2% 214.0 kg 
Total annual fuelwood savings per ICS (household size of 5.97, SD 2.08) 1277 kg 
* On average, 2.7 injera baking sessions per week (SD 1.11); ** savings are probably due to sauce cooking on the chimney. 
The results presented in Table 5 are based on household size and the number of injera sessions per 
week on average. Due to the questionnaire design, the fuelwood was weighed for a whole household, 
but for comparison reasons with other fuelwood estimations [6,39], the calculation was down-sampled 
per capita. The average household size was 5.97 (SD = 2.085) and was not significantly different 
between non-ICS and ICS-users. Regarding all cooking activities (like sauce preparation, heating 
beverages, baking local bread and injera), the use of an ICS caused a relative fuel savings of 20.25%. 
In addition to the ICS, 30% of all ICS users were found to be using the three-stone fire occasionally 
for injera baking. In specific situations, like celebrations, some users fell back on the use of three 
stones for injera baking, possibly due to the longer ignition time of the ICS. The longer ignition time 
of the ICS “Mirt” has also been described in other studies [52,56] and has the potential to slightly 
reduce the positive effects of the ICS.  
A comparison with the national woody biomass inventory from 2004 [15] shows comparable results 
to our study. While we found an annual firewood consumption of 1057 kg/person for non-ICS users, 
the biomass inventory reports 1152 kg/person for the high forest areas of the SNNPR region. Fuel 
consumption in the Kafa region is very high compared to other rural regions in Sub-Saharan Africa 
countries, such as Uganda and Kenya, where the mean annual consumption of fuelwood was estimated 
at 542.32 kg/person [12] and 600.9 kg/person [16], respectively. This is also confirmed by other 
studies [26] and can be explained with the inefficiencies in injera baking. Due to the specific cooking 
characteristics in this region, the transferability to other Sub-Saharan countries is limited. Comparably 
high values are reported from North East India, where an average fuelwood consumption of 
1168 kg/person was found [57]. 
Land 2014, 3 1147 
 
 
4.2. Efficiency Testing 
The controlled cooking test nine ICS and five three-stone fires found total energy savings to be 24.3% 
(Table 6). These savings are clearly less than the result of a controlled cooking test conducted by  
Gulilat [52], where fuelwood savings of 48.8% were found. The difference between laboratory test 
results and those obtained in this study can be explained by the better field performance of the  
three-stone method. It was observed that experienced housewives operating three-stone stoves 
developed various strategies to save fuelwood, which were not observed while operating the ICS. 
Furthermore, the three-stone method is quite robust against different stove setups, while the ICS needs 
a specific setup to achieve the highest efficiency values. In this study, it was often observed that the 
cooking plate (mitad) does not perfectly fit to the standard combustion chamber diameter of the stove 
and caused undesired heat release. 
The relatively high coefficient of variation results from the different influencing parameters (e.g., 
different amount of dough, different stove setup, skills of cooks) and a very small test sample, but it is 
comparable to other empirical ICS studies elsewhere [58]. Under laboratory test conditions, where all 
parameters are standardized, the CCT has a coefficient of variation (CV) between 5% and 10% [59].  
Table 6. Results of efficiency testing according to controlled cooking test (CCT) per  
injera session. 
Specific Fuel Consumption (g·wood/kg·dough) 
Test No. Three stone fire CCTs ICS CCTs 
1 673 414 
2 454 495 
3 495 353 
4 384 336 
5 593 477 
6  380 
7  489 
8  293 
9  301 
Mean 519.8 (SD = 114.3; CV 22%) 393.1 (SD = 79.4; CV 20.1%) 
Difference against baseline stove (absolute): 126.7 (g/kg) 1 
% difference against baseline stove (relative): 24.3 (%) 
1 According to the Wilcoxon–Mann–Whitney U-test (95% CI; p = 0.042), statistically significant. 
The difference of CCT results to the aggregated saving rate of 39% found in interviews may be 
partly explained by the use of waste biomass of exclusive ICS users, as described in Section 4.4 of this 
study, which is indirectly included in the household data, but not considered within the CCT. 
Furthermore, the use of saved thermal energy after the actual cooking session (e.g., for preparing dried 
injera bread or firfir) may contribute to a better efficiency rate for the household survey. Under test 
conditions, even in their homes, users may have made a higher effort to bake efficiently, which may 
have led to relatively higher efficiency gains for traditional stoves. Accordingly, this result should be 
carefully applied in other study regions. 
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The discrepancy in the relative fuel savings found in this study and the laboratory study of Gulilat 
with a stated fuel reduction of 42% [52] is likely rooted in the study designs. The latter study calculates 
the reductions on self-conducted CCTs for ICS and is using one data point for the three-stone method 
(1031 g/kg), which is much higher than in his study. Accordingly, the baseline scenario of Gulilat is 
based on a much higher fuel consumption, thus causing better efficiency rates for ICS. 
Worth to mention is a strong negative correlation (R2 = 0.7514) between the duration of cooking 
sessions and specific fuel consumption was observed. This relationship was especially strong in 
households using ICS. While this finding is based on only nine data points (Table 6), it is plausible 
when viewed as a result of economies-of-scale and considering the storage of heat in the ICS once  
it is operating. 
Figure 3 suggests that the number of injera baked per session on an ICS may be a good proxy for 
the specific fuel consumption, and the duration of injera sessions seems to have a decisive impact on 
fuel consumption.  
Figure 3. Linear regression of specific fuel consumption (SC) on the number of baked 
injeras per session using ICS.  
 
4.3. Spatial Factors that Influence Fuelwood Consumption and Reduction 
According to satellite imagery analysis on forest cover, which shows that 47% of the BR is occupied 
by forests, the Kafa Biosphere Reserve still offers a considerable amount of fuel resources [35]. Forest 
cover differs significantly among Woredas. As shown in Figure 4, there is a weak positive correlation 
between forest cover and fuel consumption per person and injera session (Pearson’s correlation 
coefficient = 0.503; p = 0.069). The more forest cover a Woreda has, the higher the fuel consumption 
for baking injera. For example, Chena has a forest cover of 29% and an average fuel consumption of  
1.83 kg/person, while Saylem with 58% forest cover has an average fuel consumption of 2.65 kg/person. 
This fact could be explained with alternative use of fuels (e.g., dung, crop residues) in regions with fuel 
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shortage. Conversely, when the fuel supply is high, there may be less incentive to use the resources 
conservatively [33]. 
The potential influence of BR zonation on fuelwood consumption was also tested. As most of the 
samples were taken in the transition zone, the distance to the nearest core zone was calculated. All 
questionnaires in a distance reasonable for fuel collection (<5 km) were considered in this analysis  
(n = 71). The proximity to core zones was slightly positively related to fuel consumption for ICS users 
(R2 = 0.12), but had no effect on households using three-stone fires (R2 = 0.01). 
In general, this finding may indicate that restrictions on fuelwood collection in the core zone lead to 
reduced fuelwood consumption and use of alternatives. A possible bias here is the unequal distribution 
of core zones within the BR and the distance consideration as Euclidean distance. The analysis of other 
spatial factors, such as distance to the next town, distance to the next road or the distance to the next 
forest, edge did not show any significant correlations. 
Figure 4. Fuel consumption kg/person according to forest cover (%). 
 
4.4. Side Effects Leading to Fuelwood Reduction 
Ninety six percent of ICS included a chimney. While all users used the ICS for preparing injera, 
53% of them additionally prepared wot, 27% prepared beverages and 15% used the remaining thermal 
energy for roasting coffee. Boiling water for purification is not practiced in the study region. 
Construction problems of the chimney were named as a constraint to extend the use of the chimney. 
Besides expensive or unavailable alternative fuel sources, such as kerosene or electricity, some 
additional biomass fuel alternatives are commonly used in the study region. Most of them positively 
contribute to forest conservation, because they are based on waste products rather than forest biomass. 
Whereas crop residues were used by households independently of the presence or absence of ICS 
(31.3% of ICS user; 38.5% of non-ICS), only ICS users reported using wood chips, coffee pulp, leafs 
and small branches. ICS users explained that the stored thermal energy after injera baking is often used 
to produce firfir. 
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4.5. Impacts on Carbon Balance 
The results of our empirical study show that each ICS in use leads to average fuelwood savings of 
1277 kg per year (Table 5). Assuming a net calorific value of 15 MJ/kg [49] and an emission factor of 
112 g of CO2 per MJ of fuelwood [50], this corresponds to 2.145 tons of CO2 per ICS per year. The 
final impact on carbon savings, however, depends on the extent to which fuelwood sources are 
renewable, i.e., if there will be regrowth of the fuelwood extracted or not. This question is discussed in 
the following section, and the corresponding calculation is illustrated in Table 7, while Table 8 lists the 
estimated carbon savings in different dimensions. 
Table 7. Estimated share of non-renewable biomass. 
 Stemming from Forests Estimated Average Share 
of Non-Renewable Biomass 
Collected (60% of all fuelwood) 60% 
50% (40%–70%) 
Bought (40% of all fuelwood) 90% 
Table 8. Estimated carbon savings. 
Type of CO2 Savings  Unit 
Annual CO2 savings per stove assuming only non-renewable fuelwood 2145 kg 
Annual CO2 savings per stove considering regrowth 1073 kg 
Annual CO2 savings of all 11,000 ICS 11,799 tons 
Annual C savings of all 11,000 ICS 3218 tons 
Forest area corresponding to C savings 34 ha 
According to the questionnaire, for 98% of all HHs (households) (n = 145), fuelwood is the most 
important fuel type, while charcoal (54%; n = 80), crop residues (24%; n = 36) and bamboo (7%;  
n = 10) are of secondary importance. Fuelwood from private plantations or woodlots with sufficient 
annual production can be regarded as renewable biomass and should be considered as a sustainable 
resource. Based on observations from forest rangers who performed the fuelwood measurements, it 
was found that 17% of fuelwood consists of eucalyptus from home gardens, community land, 
community plantations and governmental plantations. About 2% of fuels consisted of crop residues, 
lianas and dung. However, it was also found that 43% of fuelwood used stems from indigenous tree 
species (Millettia ferruginea 20.5%, endemic; Olea africana 14.6%; Maesa lanceolata 8%), which are 
mainly found in high and secondary forest. The remaining 38% consists of tree species that occur both 
inside and outside forests (e.g., Allophylus abyssinicus, Prunus africana, Syzygium guineense). Despite 
the first-hand observation of forest rangers, the interviewees commonly indicated that their fuelwood 
was derived mainly from home gardens, combined with other sources, like governmental forests and 
agroforestry systems (multiple answers were possible). The fact that governmental forests are only 
mentioned after home gardens may be due to a bias, since fuel collection from governmental forests is 
mostly illegal. Interestingly, 40% of fuelwood is purchased from the local market or from resellers for 
an average of 207 ETB per month (equivalent to approximately 10 USD), according to the interviews. 
This fuelwood is mainly sold by the partly nomadic minority group, the “Manjas”, and it is known that 
it originates from natural forests [54].  
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Supposing that more than half of the fuelwood collected by households themselves also stems from 
forests, it is therefore justified to assume that 70% of total consumed fuelwood stems from forests. 
Most of this fuelwood stems from living biomass and should therefore be considered non-sustainable. 
While the exact fraction of non-renewable biomass used by households is difficult to know, we expect 
it to be in a range between 40% and 70% and use 50% as a conservative estimate for further 
calculations (Table 7). It is lower than the official estimate of 68.1% for the SNNPR region [54]. Our 
results indicate CO2 savings of 1.07 tons per stove, translating to approximately 11,800 tons of CO2 for 
all ICS distributed since the beginning of the NABU project (Table 5). 
In terms of pure carbon, these savings correspond to approximately 3218 tons of C. Assuming a 
biomass carbon content of 50%, African moist deciduous forests, as in the Kafa region, are estimated 
to contain approximately 95 tons C per hectare [50]. Annual carbon savings from the 11,156 ICS 
distributed under the NABU project therefore correspond to the carbon content of approximately 34 ha 
of forest in Kafa. If we expect a four-year operation time of an ICS [53], this means that conservatively 
calculated (without taking the positive side effects into concern), 45,600 t of fuelwood are saved if 
regarding the whole dissemination project and assuming that 80% of the disseminated stoves are fully 
functional during their lifespan. 
Since fuelwood collection represents a major driver of forest degradation, the major impact of 
fuelwood collection is expected to be on forest degradation rates rather than deforestation rates. For 
this reason, while the distribution of ICS is expected to have a positive impact over a much larger 
forest area, the actual effect on degradation rates is rather difficult to quantify. It is however worth 
mentioning that the dissemination of efficient stoves, like the ICS, directly tackles the most important 
driver of forest degradation in the study area and therefore constitutes a possible strategy to mitigate 
forest degradation. 
5. Conclusions 
The use of ICS under field conditions was found to lead to fuelwood savings of 38.9% for injera 
baking in the Kafa region. This seems to be a more realistic figure than the savings often claimed in 
ICS distribution projects, since efficiency values are usually based on laboratory experiments rather 
than field-based household studies, possibly leading to overestimates of fuelwood savings [33].  
Positive side effects can still increase the total impact of ICS on the carbon balance, such as the use 
of wood chips, and additional fuel savings for cooking activities using residual heat from the stove 
chimney. The benefits of the ICS were found to be two-fold. On the household level, users reported 
less smoke, minimized risk of burning, better taste of the food and reduced expenditures for fuelwood. 
On the regional level, the dissemination of 11,000 ICS mitigates forest degradation and represents a 
saving of approximately 11,800 tons of CO2 per year. ICS are an effective and efficient contribution to 
securing carbon storage in forests.  
We found a significant correlation between the numbers of injeras baked per session and stove 
efficiency for the “Mirt” stove. This result should be confirmed by further research. The promotion of 
longer injera baking sessions may lead to additional fuelwood savings, by promoting strategies like 
community kitchens, for example. This concept may be particularly interesting if household size and 
baking sessions decrease in future due to urbanization and family planning [60]. 
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Generally, “Mirt” stoves are designed primarily for injera baking, though additional cooking 
activities were observed in this study. To enhance the positive impact of these stoves, it is 
recommended to disseminate additional ICS for other cooking activities. Among others, GIZ Ethiopia 
is promoting the so-called Tikikil stove, a rocket-stove model. Data are still not sufficient to ascertain 
user satisfaction, but positive experiences are reported by GIZ ET [61], while Accenture Development 
Partnerships, 2012 [62], report still lacking acceptance. The Tikikil stove is already part of a CDM PoA 
dissemination project in Ethiopia [63].  
Some improvements of the disseminated “Mirt” stove could positively contribute to fuelwood 
savings. The users often mentioned that the design of “Mirt” stoves is not appropriate for the 
separately bought clay Mitad. As these clay plates are produced traditionally by hand with 
unstandardized designs and sold at local markets, the perimeter can vary, leading to gaps between the 
stove and the clay plate that lessen the efficiency of the stove. Moreover, it seems that using clay 
plates, thermal energy is used very inefficiently. While alternatives made of metal are under 
development, it is still difficult to convince traditional households to adapt to these new designs, while 
their potential is clear by the fact that electric Mitads only use metal plates [64].  
For a better adaptation of ICS to users’ demands, it seems to be important to better understand the 
strategies that households employ to respond to fuel scarcity. The study area has a forest cover of 47%, 
which implies the chance to make an important contribution for saving the remaining forests. On the 
other hand, the demand of users for ICS may be even higher in regions with less forest cover [65]. A 
similar dissemination stove project is in preparation by NABU in the Amhara region, which has only 
3% forest cover. In this case, it would be interesting to compare the users’ behavior with those of the 
Kafa region. This comparison could give valuable information on how the stove is adapted by users in 
a wider range of environmental conditions. 
Finally, it can be concluded that the NABU stove dissemination activity was found to have a 
positive impact on fuelwood savings and carbon emission reductions, accompanied by a very high 
stove user acceptance. One reason for this might be the fact that stove users do not have to change their 
cooking habits, with the exception of a longer ignition phase.  
Whereas some other sophisticated technologies might fail when there is no expert knowledge 
available (solar panels, for example), disseminated ICS can be simply repaired by users with local 
materials. Initial costs to run the dissemination are much lower than with sophisticated technologies, 
and the program can usually be started with relatively low logistic effort. Our study confirms that 
efficient cooking stoves, if they are well adapted to the local cooking habits, constitute a cost-effective 
and practical solution for simultaneously mitigating climate change, conserving forests and improving 
human livelihoods. 
Acknowledgments 
This work was funded in part through the Center for International Forestry Research (CIFOR) as 
part of the CGIAR research program on Forest Trees and Agroforestry. Funding for the work of Ben 
DeVries was provided in the frame of the project “Climate protection and preservation of primary 
forests—A management model using the wild coffee forests in Ethiopia as an example”, implemented 
by the Nature and Biodiversity Conservation Union (NABU), German and Ethiopian branches, with 
Land 2014, 3 1153 
 
 
funding from the International Climate Initiative (IKI) of the German Federal Ministry for the 
Environment, Nature Conservation, Building and Nuclear Safety (BMU) (IKI-1 project number 09 II 
066 ETH 634 A Kaffeewälder). atmosfair gGmbH. provided testing equipment for the CCT. Likewise, 
we also would like to express special thanks to the local NABU team of Bonga, especially Mesfin 
Tekle and the whole NABU ranger team. Furthermore, thanks are given to Kafa BoARD for their 
helpful support during the field work. Finally, we are thankful to two anonymous reviewers whose 
comments significantly improved the paper. 
Author Contributions 
Elisabeth Dresen designed and conducted the field study, analyzed the data and led the preparation 
of the manuscript, with support of Robert Müller in all phases of the study. Ben DeVries, Martin Herold 
and Louis Verchot revised conceptual and statistical aspects and helped editing the paper. 
Conflicts of Interest 
The authors declare no conflict of interest. 
References 
1. Hosonuma, N.; Herold, M.; de Sy, V.; de Fries, R.S.; Brockhaus, M.; Verchot, L.; Angelsen, A.; 
Romijn, E. An assessment of deforestation and forest degradation drivers in developing countries. 
Environ. Res. Lett. 2012, 7, doi:10.1088/1748-9326/7/4/044009. 
2. Gurung, A.; Oh, S.E. Conversion of traditional biomass into modern bioenergy systems: A review 
in context to improve the energy situation in Nepal. Renew. Energy 2013, 50, 206–213. 
3. Bekele, M. Forestry Outlook Studies in Africa—Ethiopia; Food and Agriculture Organization of 
the United Nations (FAO): Rome, Italy, 2001. 
4. Skutsch, M.M.; Torres, A.B.; Mwampamba, T.H.; Ghilardi, A.; Herold, M. Dealing with  
locally-driven degradation: A quick start option under REDD+. Carbon Balanc. Manag. 2011, 6, 
doi: 10.1186/1750-0680-6-16. 
5. Herold, M.; Román-Cuesta, R.M.; Heymell, V.; Hirata, Y.; van Laake, P.; Asner, G.P.; Souza, C.; 
Avitabile, V.; MacDicken, K. Measuring forest degradation. Unasylva 2011, 62, 16–22. 
6. Johnson, M.; Pilco, V.; Torres, R.; Joshi, S.; Shrestha, R.M.; Yagnaraman, M.; Lam, N.L.; 
Doroski, B.; Mitchell, J.; Canuz, E.; et al. Impacts on household fuel consumption from biomass 
stove programs in India, Nepal, and Peru. Energy Sustain. Dev. 2013, 17, 403–411. 
7. Nguon, P.; Kulakowski, D. Natural forest disturbances and the design of REDD+ initiatives. 
Environ. Sci. Policy 2013, 33, 332–345. 
8. Food and Agriculture Organization of the United Nations (FAO). Global Forest Resources 
Assessment 2010—Forestry Paper; FAO: Rome, Italy, 2010. 
9. Feleke, S. Forest resource utilization in Ethiopia. In Proceedings of a National Conferece on 
Forest Resources of Ethiopia: Status, Challenges and Opportunities, Addis Ababa, Ethiopia,  
27–29 November 2002. 
Land 2014, 3 1154 
 
 
10. Gebreegziabher, Z.; van Kooten, G. C.; van Soest, D.P. Stove Adoption and Implications for 
Deforestation and Land Degradation: The Case of Ethiopia, Proceedings of the Ninth 
International Conference on the Ethiopian Economy, Addis Ababa, Ethiopia, 21–23 July 2011; 
Gebeyehu, W.; Alemu, G., Eds.; Ethiopian Economic Association (EEA): Addis Ababa, 
Ethiopia, 2002. 
11. Haile, K.; Urgessa, K.; Sandewall, M. Wood fuel demand and sustainability of supply in  
south-western Ethiopia, case of Jimma Town. Res. J. For. 2009, 3, 29–42. 
12. Egeru, A.S. Rural households’ fuelwood demand determinants in dryland areas of eastern 
Uganda. Energy Sources Part B Econ. Plan. Policy 2014, 9, 39–45. 
13. Lewis, J.J.; Pattanayak, S.K. Who adopts improved fuels and cookstoves? A systematic review. 
Environ. Health Perspect. 2012, 120, 637–645. 
14. Jetter, J.; Zhao, Y.; Smith, K.R.; Khan, B.; Yelverton, T.; Decarlo, P.; Hays, M.D.  
Pollutant emissions and energy efficiency under controlled conditions for household biomass 
cookstoves and implications for metrics useful in setting international test standards. Environ. Sci. 
Technol. 2012, 46, 10827–10834. 
15. TECSULT International Ltd. Woody Biomass Inventory and Strategic Planning—Ethiopian 
Energy II Project; Ethiopia Ministry of Agriculture: Addis Ababa, Ethiopia, 2004. 
16. Ochieng, C.A.; Tonne, C.; Vardoulakis, S. A comparison of fuel use between a low cost, 
improved wood stove and traditional three-stone stove in rural Kenya. Biomass Bioenergy 2013, 
58, 258–266. 
17. CarbonCatalog. Available online: http://www.carboncatalog.org/projects/fuel-efficiency (accessed 
on 20 February 2014). 
18. Simon, G.L.; Bumpus, A.G.; Mann, P. Win-win scenarios at the climate-development interface: 
Challenges and opportunities for stove replacement programs through carbon finance.  
Glob. Environ. Chang. 2012, 22, 275–287. 
19. United Nations Environment Programm (UNEP) RESO. Available online: 
http://www.cdmpipeline.org/ (accessed on 13 February 2014). 
20. United Nations Framework Convention on Climate Change (UNFCCC) PoA Registry.  
Available online: http://cdm.unfccc.int/ProgrammeOfActivities/registered.html. (accessed on 11 
September 2013). 
21. Peters-Stanley, M.; Yin, D. Maneuvering the Mosaic—State of the Voluntary Carbon Markets; 
Forest Trends’ Ecosystem Marketplace & Bloomberg New Energy Finance: New York, NY, 
USA, 2013. 
22. Gaia Project. Available online: http://www.gaia.fi/news/gaia_news_2012/gaia_s_improved_cook 
_stove_project_generates_results_in_ethiopia.1261.news (accessed on 12 January 2013). 
23. World Vision—ICS. Available online: https://www.worldvision.com.au/Libraries/COP17_Research 
Reports/WV_Fuel-efficientCookingStovesReport.pdf (accessed on 12 January 2013). 
24. Deutsche Gesellschaft für Internationale Zusammenarbeit—Energy Coordination Office  
(GIZ-ECO). Mirt Stove—Additional Information; Deutsche Gesellschaft für Internationale 
Zusammenarbeit: Eschborn, Germany, 2011. 
Land 2014, 3 1155 
 
 
25. Demeke, M.; di Marcantonio, F. Analysis of Incentives and Disincentives for Teff in Ethiopia; 
Technical Notes Series; Food and Agriculture Organization of the United Nations (FAO): Rome, 
Italy, 2013. 
26. Adrianzén, M.A. Improved cooking stoves and firewood consumption: Quasi-experimental 
evidence from the northern Peruvian Andes. Ecol. Econ. 2013, 89, 135–143. 
27. Nepal, M.; Nepal, A.; Grimsrud, K. Unbelievable but improved cookstoves are not helpful in 
reducing firewood demand in Nepal. Environ. Dev. Econ. 2011, 16, 1–23. 
28. Bensch, G.; Peters, J. Ruhr-Economic Papers, Combating Deforestation?—Impacts of  
Improved Stove Dissemination on Charcoal Consuming in Urban Senegal; Joachim, S., Ed.; 
Ruhr-Universität Bochum: Bochum, Germany, 2013. 
29. Alem, Y.; Hassen, S. The Dynamics of Electric Cookstove Adoption : Panel Data Evidence from 
Ethiopia; School of Business and Law, University of Gothenburg: Gothenburg, Sweden, 2013. 
30. Gaul, M. Subsidy Schemes for the Dissemination of Improved Stoves Experiences of GTZ HERA 
and Energising Development; Deutsche Gesellschaft für Internationale Zusammenarbeit: 
Eschborn, Germany, 2009. 
31. Burwen, J.; Levine, D.I. A rapid assessment randomized controlled trial of improved cookstoves 
in rural Ghana. Energy Sustain. Dev. 2012, 16, 328–338. 
32. CDM Methodology AMS-II.G. Available online: http://cdm.unfccc.int/methodologies/ 
SSCmethodologies/approved (accessed on 6 June 2013). 
33. Barnes, D.F.; Openshaw, K.; Smith, K.R.; van der Plas, R. What Makes People Cook with 
Improved Biomass Stoves?  A Comparative International Review of Stove Programs; World Bank: 
Washington, DC, USA, 1994. 
34. Schmitt, C. Montane Rainforest with Wild Coffea Arabica in Bonga Region (SW Ethiopia): Plant 
Diversity, Wild Coffee Management and Implications for Conservation. Ph.D. Thesis, 
Rheinischen Friedrich-Wilhelms-Universität Bonn, Bonn, Germany, 2006. 
35. Dresen, E. Forest and Community Analysis—Final Report for the Project “Climate Protection 
and Preservation of Primary Forests—A Management Model using the Wild Coffee Forests in 
Ethiopia as an Example”; Nature And Biodiversity Conservation Union (NABU): Berlin, 
Germany, 2011. 
36. UNESCO. Man & the Biosphere (MAB)—An Integrated Zonation Systems. Available online: 
http://portal.unesco.org/geography/en/ev.php-URL_ID=8763&URL_DO=DO_TOPIC&URL 
_SECTION=201.html (accessed on 23 June 2014). 
37. Tadesse, G.; Zavaleta, E.; Shennan, C.; Fitzsimmons, M. Policy and demographic factors alter 
deforestation patterns and socio-ecological processes in Southwest Ethiopian coffee 
agroecosystems. AMBIO 2014, in press. 
38. Granderson, J.; Sandhu, J.S.; Vasquez, D.; Ramirez, E.; Smith, K.R. Fuel use and design analysis 
of improved woodburning cookstoves in the Guatemalan Highlands. Biomass Bioenergy 2009,  
33, 306–315. 
39. Rosenbaum, J.; Derby, E.; Dutta, K. Understanding Consumer Preference and Willingness to Pay 
for Improved Cookstoves in Bangladesh; USAID Ltd.: Washington, DC, USA, 2013. 
40. Mueller, V.; Pfaff, A.; Peabody, J.; Liu, Y.; Smith, K.R. Demonstrating bias and improved 
inference for stoves’ health benefits. Int. J. Epidemiol. 2011, 40, 1643–1651. 
Land 2014, 3 1156 
 
 
41. Falissard, B. Analysis of Questionnaire Data with R; CRC Press: Boca Raton, FL, USA, 2012. 
42. Ramirez, S.; Dwivedi, P.; Bailis, R.; Ghilardi, A. Perceptions of stakeholders about nontraditional 
cookstoves in Honduras. Environ. Res. Lett. 2012, 7, doi:10.1088/1748-9326/7/4/044036. 
43. Bailis, R. Controlled Cooking Test (CCT); Household Energy and Health Programme; Shell 
Foundation; 2004. Available Online: http://ehs.sph.berkeley.edu/hem/content/CCT_Version_2.0 
_with_appendix5_Aug2004a.pdf (accessed on 2 January 2013). 
44. Bekele, M.; Lemenih, M.; Kassa, H. Status : The case of Bonga forest in Ethiopia participatory 
forest management and its impacts on livelihoods and forest status : The case of Bonga forest in 
Ethiopia. Int. For. Rev. 2009, 11, 346–358. 
45. Takahashi, R.; Todo, Y. Impact of community-based forest management on forest protection: 
Evidence from an aid-funded project in Ethiopia. Environ. Manag. 2012, 50, 396–404. 
46. Berkeley Calculation Sheet. Available Online: http://ehs.sph.berkeley.edu/hem/?page_id=38. 
(accessed on 4 May 2013). 
47. Drigo, R. WISDOM—East Africa: Woodfuel Integrated Supply/Demand Overview Mapping 
(WISDOM) Methodology; Food and Agriculture Organization of the United Nations (FAO): 
Rome, Italy, 2005. 
48. Drigo, R.; Nzabanita, V. WISDOM RWANDA Spatial Analysis of Woodfuel Production and 
Consumption in Rwanda Applying the WISDOM Methodology; Food and Agriculture 
Organization of the United Nations (FAO): Rome, Italy, 2007. 
49. Hall, D.O.; Rosillo-Calle, F.; Woods, J. Biomass utilization in households and industry—Energy 
use and development. Chemosphere 1994, 29, 1099–1119. 
50. Intergovernmental Panel on Climate Change (IPCC). IPCC Guidelines for National Greenhouse 
Gas Inventories, Volume 2.2—Stationary Combustion. Available online: http://www. 
ipcc-nggip.iges.or.jp/public/2006gl/vol2.html (accessed on 6 June 2013). 
51. Intergovernmental Panel on Climate Change (IPCC). IPCC Guidelines for National Greenhouse 
Gas Inventories, Volume 4.4—Forest Land. Available online: http://www. 
ipcc-nggip.iges.or.jp/public/2006gl/vol4.html (accessed on 6 June 2013). 
52. Gulilat, A.; Girma, W.; Wedajo, T.; Tessema, Y. Mirt Stove Ethiopia—Stove Testing Results 
(GIZ); Deutsche Gesellschaft für Internationale Zusammenarbeit (GIZ): Addis Ababa,  
Ethiopia, 2011. 
53. Feleke, Y.A. Assessing Environmental Benefits of MIRT Stove with Particular Reference to 
Indoor Air Pollution (Carbon Monoxide & Suspended Particulate Matter) and Energy 
Conservation. Master’s Thesis, Addis Ababa University, Addis Ababa, Ethiopia, 2007. 
54. Shanko, M.; Lakew, H.; MEGEN_Power_Plc. Final Report: Household Energy Baseline Survey 
in SNNPR; Deutsche Gesellschaft für Internationale Zusammenarbeit (GIZ): Addis Ababa, 
Ethiopia, 2011. 
55. Knight, K.W.; Rosa, E.A. Household dynamics and fuelwood consumption in developing 
countries: A cross-national analysis. Popul. Environ. 2011, 33, 365–378. 
56. Fikadu, B. Factors Influencing Adoption of MIRTE Fuel Efficient Injera Baking Stove: The Case of 
Agarfa District, Oromia Region, Ethiopia; LAP LAMBERT Academic Publishing 
GmbH&Co.KG: Saarbrücken, Germany, 2011. 
Land 2014, 3 1157 
 
 
57. Olsson, L.; Jerneck, A. Farmers fighting climate change—From victims to agents in subsistence 
livelihoods. Wiley Interdiscip. Rev. Clim. Chang. 2010, 1, 363–373. 
58. Johnson, M.; Edwards, R.; Berrueta, V.; Masera, O. New approaches to performance testing of 
improved cookstoves. Environ. Sci. Technol. 2010, 44, 368–374. 
59. Bailis, R.; Edwards, R. Kitchen Performance Test (KPT); Household Energy and Health 
Programme, Shell Foundation: London, UK, 2007. 
60. Headey, D.; Josephson, A.; Ricker-Gilbert, J. Population pressure & farm size evolution in 
Ethiopia: Threads of a narrative. In Proceedings of the Ethiopian Economic Association 
Conference, Addis Ababa, Ethiopia, 19–21 July 2012. 
61. Zeleke, A. GIZ ET, Addis Ababa, Ethiopia. Persommal communication, 2013 
62. Enhancing Markets for Delivery of Improved Cookstove Development and Promotion Support in 
Ethiopia. Available online: www.cleancookstoves.org/resources_files/ethiopia-market 
-assessment-report.pdf (accessed on 10 August 2013). 
63. World Vision Ethiopia. Energy Efficient Stoves Program. CDM Program of Activities Design 
Document. 2013. Available online: http://cdm.unfccc.int/ProgrammeOfActivities/poa_db/ 
5TE6HLP1Z4KOABSDI873YQCFGXW2RM/view (accessed on 15 December 2013). 
64. Pütz, K.; Müller, J. Development of a multi fuel Mitad as stove extension for Injera Baking in 
Ethiopia. In Development on the Margin; University of Hohenheim: Bonn, Germany, 2011; pp. 1–2. 
65. Barnes, D.F.; Openshaw, K.; Smith, K.R.; van der Plas, R. The design and diffusion of improved 
cooking stoves. World Bank Res. Obs. 1993, 8, 1–156. 
© 2014 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 
distributed under the terms and conditions of the Creative Commons Attribution license 
(http://creativecommons.org/licenses/by/3.0/). 
